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PTILOT ESCAPE FROM SPINNING ATRPIANES AS

DETERMINED FROM FREE-SPINNING-TUNNEL TESTSL Cs

By Stanley H. Scher

SUMMARY

Pilot-escape tests have been made for 21 models of fighter, torpedo-
bomber, scout-bomber, and trainer airplanes spinning in the Langley -
20-foot free-spinning tunnel. A model of a pilot was released from the
outboard side (left side in a spin to the pilot's right) and from the
inboard side of the cockpit of each model during both flat and steep spins,
and the subsequent relative paths of the model and pilot were observed.

Analysis of the test results indicated that, 1f a pilot finds it
necessary to leave a spinning airplane, it would generally be better for
him to bail out of the outboard side of the cockpit than to bail out of
the inboard slde. For alrplanes with cockplits located forward of the
leading edge of the wing, the pllot's chances of clearing all parts of
the airplane by bailing out appeared to be poorer then for airplenes with _
cockpits located rearward of the leading edge of the wing. It was found .
that the path followed by a man after leaving a splinning airplane can be =
calculated 1f the angle of attack and the rates of descent and rotation
of the airplane are known. For the types of airplanes covered by this
experimental investigation, analysis indicates that the centrifugal force
which would act on a pilot during a spin would probably not prevent him
from leaving the cockplt.

INTRODUCTION

Safe pllot exit from alrcraft during an emergency in flight 1s a
problem of great importance. This problem includes safe escape from
spinning airplanes. Tests in which models of pilots were released from
spinning airplane models have been mede in the Langley 20-foot free-
gpinning tunnel in connection with spln tests of models of specific
service airplanes. The results of these tests have been collected and
enalyzed in en attempt to establish a criterion for determining from which
gide the pllot of a spinning alrplane should attempt an emergency escape.

lSupersedes the recently declassified NACA RM 18D28, "Pilot Escape

from Spinning Alrplanes as Determlned from Free-Spinning-Tunnel Tests" by
Stanley H. Scher, 1948.
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Twenty-one models were tested, covering a range of low-wing and
midwing military airplanes considered to be in the spinning category.
One of the models tested had a 35° sweptback wing. For the tests, a
pilot model was released from the fuselage at the outboard side (left
glde in a spin to the pilot's right) and then at the inboard side of
the cockpit of each model during both flat and steep spins, and the
subsequent path teken by the pilot was noted. For two of the models
tested, the pillot was released from two fuselage positions corresponding
to alternate cockpit locations on the airplane.

Calculations were made of the approximete path taken by the pilot
relative to a typical spinning airplane for comparlison with the model .
test results. .

The centripetal accelerations that would act on pilots during spins -
of the alrplenes simulated were calculated and compared with available
experimental data which show the limitation of such forces on & man's
ability to move his body in a direction similar to that required in
balling out of an airplane.

SYMBOLS

Alrplane symbols:

b wing span, feet R
Sy wing area, square feet
T mean serodynamic chord, feet
x/c ratio of distance of center of gravity rearward of
leading edge of mean aerodynsmic chord to mean
aerodynamic chord
z [ ratio of distance between center of gravity and fuselage
reference line to mean aerodynemic chord, positive
wvhen center of gravity 1s below fuselage reference
line
m mass of airplane, slugs
Iy, Ty, Iy moments of Inertie about Xé-Y, and Z body axes,
respectively, slug-feet= - : T
o alr density, slugs per cubic foot

0 relative density of alrplane /_I
0S..b
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a angle between fuselage reference line and vertical
axis of the tunnel (approx. equel to absolute
value of angle of attack at plane of symmetry),
degrees

A full-scale true rate of airplane vertical descent,
feet per second

Q full-scale anguler velocity of alrplans about spin
exls, revolutions per second or radians per second

Pilot symbols:

D drag of pilot, pounds
Sp frontal area of pilot, square feet
CDv vertical drag coefficient of pilot
2
v Sy
D
CD horizontal drag coefficient of pilot
h
b, 2
270 Sy
Ve instantaneous vertical velocity of pllot, feet per second
Vn instantaneous horizontal veloclity of pilot, feet per second
Vt terminal vertical veloclty of pilot at 15,000 feet
(202 ft/sec)
R distance from spin axis to pilot, feet
g | standard acceleration due to gravity (32.17 ft/sec2)
W weight of pilot and parachute (200 1b)
a; vertical component of acceleration of pilot during
descent, feet per second per second
ap horizontal component of acceleration of pllot during
descent, feet per second per second
t increment of time, seconds
Dsy vertical component of path traveled by pllot in increment

. of time, feeotb
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Asy horizontal component of path traveled by pilot in
increment of time, feet

8¢ centripetal acceleration acting on pllot during steady
spin of airplanes simulated in mocdel tests

APPARATUS AND METHODS

Models

The models used for the tests were models of military sirplanes,
ranging in scale from 1/25 to 1/14, and were prepared for testing by the
Lengley Laboratory. Three-view sketches of the models tested with full-~
scale dimensions of the alrplanes repregented are shown In figure 1.
Propellers were not simulated on any of the models because a previous
investigation has indicated that windmilling propellers have little effect
on model spin and recovery characteristics. Propellers have, however,
been included In the sketches of figure 1 for the purpose of aiding in
the interpretation and application of the pilot-escape test results. The
vilot models were built of wood and were scaled down in dimensions and
welght-according to the scale of thelr respective models to represent an
everage pilot and parachute (200 1b).

Most of the alrplane models and the pilot models were ballasted with
lead weights to obtain dynamic similarity to the respective airplane and
pilot at an altitude of 15,000 feet (p = 0.001496 slug/cu ft). For
model 10, however, a test altitude of 10,000 feet was used because of the
relatively low service ceiling of the simulated airplane. For models 11,
12, end 17, test altitvdes of 25,000, 20,000, and 20,000 feet, respec-
tively, were used because heavy model construction made 1t impractical
to ballast these models to simulate the alrplamnes at 15,000 feet.

A remote-control mechanism was installed in the models to release
the pilot. .

Wind-Tunnel and Testing Technique

The tests were performed In the Langley 20-foot free-spinning tunnel,
the operation of which is similar to that of the Langley 15-foot free-
spinning tunnel described in reference 1, except that the models are
laimched by hand with spinning rotation rather than launched by spindle.

For the pllot-escape tests, the tunnel vertical air-streem velocity
wag adjusted to support the free-spinning airplane model. A model is
shown spinning in the Langley 20-foot free-spimming tunnel in figure 2.
The pilot model was secured outside the fuselage structure of each spinning
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model at the outboard and agaln at the inboard cenopy Juncture. The
pilot was merely released from these positions while the model was in a
Tlat spin and again while in a steep spin. Conslderation was glven to
the method of forcibly sJecting the model pilot to simulate a possible
Jumping force that a men might be able to exert, but the results of such
tests would probably present no better indication of proper bail-out
procedure than the simpler pilot-release tests. Because the high rate
of vertical descent of some of the models during steep spins exceeded
the airspeed available in the tunnel, the final steep spln attitude
couli not be obtained; thus, the pilot model was released while the
model descended in the tunnel and before all the applied launching
rotation had been demped. Moving plctures were made of all the tests.

After each release, the path taken by the pilot with respect to the
model was noted wntil the pilot was definitely clear of all parts of the
model surfaces or untll he had been struck by a part of the model. In
additlion, In analyzing the resulis of the tests of the designs which
included propellers, consideration was given to the path of the pilot
relative to the propeller disk. For those conditions in which the pilot,
upon belng released from a glven side of the cockplt, was observed to
clear all parts of a model in a consistent manner by a margin of at least
3 feet (full scale), a man could probably make a safe escape from the
corresponiing full-scale airplane by bailing out of the same side of the
cockpit. Results were considered consistent if the pllot's path rslative
to the model did not vary for at least four releases for each condition
tested. '

TEST CONDITIONS

The steady-spln parsmeters which were obtalned In the Langley 20-foot
free-spinning tunnel for the model spimming conditiona for which the pilot-
releoase tests were made are presented in teble T in terms of the full-
scale airplane values. Information is presented in table IT which shows
the range of mass characteristics of the models used during the tests and
which mey be usgeful in applying the test results to various alrplane
designs not specifically covered In the present investisation. As noted.
in references 2, 3, and 4, model tests have indicated that the smownt
and the arrangement of mass In an airplane ususlly influences its spin-
ning characteristics, and the tests and analysis of the present Investi-
gation indicate that the spinning characteristlics In turn affect the exact
path a man's body would follow if he bailed out of an airplane during a
gpin. : '

The control surfaces of the airplane models were adjusted and held
constant at values within the meximum ranges of control deflections for
the airplanes represented in such a manner as to obtain the flat and steep

spins desired for making the pllot-release tests.
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RESULTS AND DISCUSSION

The results of the model pilot-release tests are presented in
table IIT. ITnasmuch as the location of the cockplt with respect to the
wing greatly influenced the results, the experimental tests are discussed
in two sections, which correspond to models with cockplts located rear-
ward and forward, respectively, of the fuselage juncture of the leading
edge of the wing.

Experimentel Results with Cockpit Rearward of Wing Leading Edge
(Models 1 to 13)

Pilot release from outboard side of spinmning model.- When the pilot
was released during both flat and steep spins from the outboard side of
a cockplt located rearward of the wing leading edge (models 1 to 13),
the paths the pilot followed were generally simller. When the vertlcal
descent velocity of the spinning model was greater than the terminal
velocity of the released pilot, the pllot decelerated and went above the
airplene model; when the vertical descent veloclty of the spinning model
was less than the terminal veloclity of the released pllot, the pilot
accelerated and went bslow the airplane model. The horizontal motiom of
the pilot carried him over the trailing edge of the outboard wing near
the fuselage and under the rear part of the fuselage or under the outboard
side of the horizontal tall which passed over the pilot as the model
continued to rotate. Usually, the released pllot cleared the helical
cylinder being described by the rotating descending airplane model within
one-half turn of the model. A typical test made with the pilot released
from the ontboard side of the cockplt of model 5 during a right spin is
shown in the moving-picture strips of figure 3. The pllot went off the
tralling edge of the outboard wing (frame 15, pilot hidden from camera3,
either under the rear part of the fuselage or under the outboard side of
the horizontal tall (freme 18), and out of the helical cylinder (frames 23
to 28), and thereby cleared all parts of the model.

In model 7, the rear cockpit is located so far reerward of the leading
edge of the wing that this cockpit 1s very close to the tall section. The
pilot, when released from the rear cockpit, passed closer to the bottom of
the horizontal tall surface than when released from the front cockplt.

Pilot release from inboard side of spinmning model .- When the pilot
was released during flat spins from the inboard side of the cockpit of
models 1 to 13, there was apparently some air-stream shielding effect on
the pilot brought about by his position relative to the inboard wing and
the fuselage. PMor those models which had rates of vertical descent greater
than the terminal velocity of the falling pilot during flat spins, the
resulting flow conditions affected the forces actling on the pilot in such
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a mammer that the pllot, when released from the inboard side, did not
immediately rise above and go outboard from the model &g he did when
released from the outboard side. Instead, the pllot descended at about
the same rate as the model for an average of about three-eights of a
turn of the model after the release of the pilot; then, the pilot went
vpwvard and outward from the model. For those models which had rates of
vertical descent less than that of the falling pilot during flat spins,
the resultant forces ascting on the pilot likewise prevented him from
moving outward until after about three-eighths of a turn of the model
subsequent to the pilot release. Regardless of whether the models in
the flat splns had rates of vertical descent higher or lower than that
of the falling pllot, the resultant force caused the pilot to move
initially toward the nose of the spinning models In a manner which indi~
ceted that, 1f the alrplane represented by the model was equipped with
a single tractor propeller, a pllot Jumping from the inboard sida of
the cockplt would have gone through or passed very close to the propeller
disk. The moving-plcture strips of figure It show a typical resuit obtained
when the pllot was released from the inboard side of the cockpit of
model 5 during a flat right spin. The pilot, after being released
(freme 2), went into the reglon of the propeller disk (frames 11 to 13).
In scme cases, after at Pirst moving toward the nose and the propeller
disk, the pilot went over the fuselage while the model continued to
rotate. The pilot then tended to follow & path generally similar to
those teken by the pilot leaving from the outboard side. The initial
delay in golng outward, however, which resulted when the pilot was
released from the Ilnboard side, caused the pilot to come close to parts
of the model that he cleared by large margins when released from the
outboard side. For example, it may be seen in figure It that afier
leaving the region of the propeller disk, the pilot was nearly struck
by the leading edge of the outboard wing as he passed under the wing
(frame 19); also, it may be sesn in figure 5 that the plilot, when
released during a flat left spin from the Inboard side of the cockpilt
of model 6 (frame 18), went slightly forward (freme 25) and then went
over the outboard wing and was struck by the outboard side of the hori-
zontal tall (frame 31).

When the pllot was released from the inboard side of the cockpit
of models 1 to 13 durling steep spins In which the rate of descent of the
model was conslderably greater than the rate of descent of the freely
falling pilot, the results obtained indicate that the chief tendency of
the released pllot was to go over the fuselage of the rotating model,
up and back toward the tall section, and then out of the helical cylinder
being described by the model. For models 5, 9, and 11 to 13, this path
brought the pllot into contact with the resrward part of the fuselage or
with the outboard side .of the horizontal teil in the manner similasr to
that glready discussed for the flatter spin end shown in figure 5. For
model 10, even though the model was spinning at a steep attltude, its
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comparatlively low rate of vertical descent caused the pilot, when
released from the inboard side, to drop through the region of. the
propeller disk.

Procedurse for pilot escape.~ The procedure recommended for . -
escaping during a spin from an airplane in which the pilot lsaves from
a cockplit loceated rearward of the leading edge of the wing is as follows:
(1) Leave from the outboard side of the cockpit and attempt to go over
the top of the outboard wing and off the tralling edge of the wing and
(2) leave in a crouched attitude in order to aid in clearing the under _ _
surface of the outboard side of the horizontal tail,

Experimental Results with Cockpit Forward of Wing Leading Edge _
(Models 1k to 21)

Pilot releese from outboard side of spinning model.- For three of
the models (15 to 17) when the pilot was released during both flat and
steep spins from the cutboard side of a cockpit located forward of the
ving leading edge, the pilot cleared the model satisfactorily in a
manner similar to that in which he cleared models 1 to 13. For five of
the models (1k and 18 to 21) when the pilot was released from flat spins,
he cleared the model in a manner almost similar to the manner in which
he cleared models 1 to 13. The differences were that for models 1k, 18,
20, snd 21, the pllot went under instead of over the outboard wing, and
for model 19, the pilot brushed against the top surface of the outboard
wingdwhile going over it. The results obtained with model 21, which had
a 35 sweptback wing, did not indicate any appreciable differences due
to the sweepback. When the pllot was released during steep spins from
models 1k, 19, and 20, the results indicate that 1t was possible for the
pilot to go over, to go under, or tec hit the leading edge of the outboard
wing. The moving-picture strips of figure 6 show a typical release of a
pllot from the outboard side of the cockpit of model 20 during a steep
right spin. The pilot, after being released (frame 17), was struck by
the leading edge of the outboard wing (frames 20 and 21;.

Pilot release from inboard side of spinning model .- When the pilot _
was released during flat spins from the inboard side of the cockpit of
models 1k to 21, the pilot went over the fuselage to the outboard : : -
side while the model continued to rotate vmder him. The resultant path
of the pilot then tended to be somewhat similar to the path taken when
released from the outboard side; the initilal motion of the pilot in going
over the fuselage of the model, however, caused the path of the pilot to be
displaced from the path taken when relessed from the outboard side. As &
result, for models 15, 17, end 19, the pilot was struck by the outboard _ .
slde of the horlzontal tall; for model 14 the pilot went into the region.
of—the propeller disk; and for model 16 the pilot went elther close over
or close under the outboard wing. .
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When the pilot was released during steep spins from the inboard
slde of the cockpit of five of the mcdels (1} to 16, 19, and 20), the
pilot went over the fuselage. His path was thus displaced from the
path taken when released from the outboard side. As a result, the
pllot was either struck by or came very close to the horizontal tail.
The moving-picture strips of figure 7 show a typical pilot release from
the Inboard side of the cockpit of model 20 during a steep right spin.
After being released (frame lh), the pllot went over the Tuselage and was
struck by the outboard side of the horizontal tail (freames 42 and 43).

Procedure for pilot escaps.~ For spinning airplanes in which the
pilot is located forward of the leading edge of the wing, bailing out .
from either side of the cockpit appears dangerous. If the pilot were to o
leave from the outboard side of the cockpit, however, he would probably
have a better chance of meking a safe escape than if he were to leave
from the inboard side, particularly if he can jump In a direction that
would enaeble him to avold being struck by the outboard wing. For airplane
designs similar to models 1l to 21, which include many high-speed jJet— and
rocket-powered airplanes, it may be advisable as a safety factor to provide
for an ejection-seat or a capsule system which would throw the pilot safely
away from the spinning alrplane, or to make provisions which would enable
the pilot to move to a more rearward location from which he could bail out
with a better chance of clearing the outboard wing.

Calculated Results of Pilot's Path Relative to Spinning Airplane

An attempt has been made to show that when the steady-spin parameters
of an airplene can be determined from model tests or estimated from design
data, the relative paths of the spinning airplane and of a man upon aban-
doning the airplane can be estimated. Estimates of the relative paths
have been plotted for two spinning conditions.of an alrplane, typical of
those considered in the present Investigation. For simplicity in calcu-
lating the approximate paths of the man's body falling relative to the
airplane, an assumption of independent horizontal and vertical motions
was made. Reference 5 Indicates that, for the brief perind of 1 or 2 seconds
following bail-out, this assumption gives a very close approximation to the
relative paths of an alrplane and of a man after having bailed out of an
airplane In level flight; likewlse for this brief period, this assumption
should give a close approximation to the relative paths of 2 spimning
alrplane and of 2 man after having balled out of the airplane.

The Inltlal vertical velocity of & falling man Just as he leaves a
spinning alrplane is the same as the rate of descent of the spinning
alrplane. In estimating the subsequent vertical positions of the man at
intervals after leaving the airplane, his resulting acceleration or
deceleration as his rate of descent approached terminal velocity was
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considered. The terminal vertical velocity of a men's body in a free

fall at an altitude of 15,000 feet was taken as approximately 202 feet per
second, which corresponds to an average value of 160 feet per second at
sea level. (See reference 5.) The assumed terminal velocity of & msan

in a free fall ia in falr agreement with the indicated terminal veloclty
of the released pilot in the tunnel tests scaled up to full scale; this
fact cen be seen by a comparison of the full-scale values of model
veloclties of descent given in teble I with the notations in table IIT
concerning the vertical motion of the pilot model with respect to the
alrplane models after being released.

Applying the equilibrium equation
W = D = Cp Svv®Sp
for the special value of V,, Vi at 15,000 feet = 202 feet per second, glves

200 = Cp & 202)?s,

Therefore,

Cp 85y = 290 _ = 0.0049
(202)2 - - -

In vertical descent, not at Vy,

w 2
Leayg=W- 234V
2 Y CDvg pvv

(200 - 0.0049742)g
200

&y =

No experimental date were available for use in approximating the horizontal
motions of a man after ball-out; a constant frontal area of 8 square feet
for a man in a flying suit and a constant drag coefficient of 1.25 (drag
coefficient of flat plate normal to wind stream) were assumed.

= 0.001496 g8 .
Opy£Sp = 1.25 x __2_9_ X 8 = 0.00748



NACA TN 2485 11

In horizontal flight,
v 2
2o = Copl-Sp¥y

0.00748v,%g
200

8h =

The inltial horlzontal veloclty of a man Just as he leaves g spinning
airplane was determined by RQ. )

By using a step-by-step procedure - that is, by assuming the instan-
taneous values of a, and a; to be effective for amall increments of

time and by letting V, and V; vary accordingly after each increment

of time - the component paths of the falling man have been computed as
follows:

&y
Asy = Vot + =2

and
8h »
Asy = Tyt - §—t

For the two examples presented, rates of airplane vertical descent
greater and less, respectively, than the terminal velocity of a men's
body in a free fall were assumed. Four alternate paths taken by the
man's body have been estimated for each spin. These paths started from
four corresponding points of pilot exit, that is, outboard and inboard
sides of the cockpit for two cockplt locations - ocne forward and one
rearward of the leading edge of the wing. The relative positions of the
alrplane and of the man have been computed at Intervals of one-quarter
turn of the model about the spin axis end are shown in figures 8 and 9.
These figures indicate that If bail-out is made from either the inboard
or the outboard side of a cockpit located forward of the wing leading
edge, there 1s danger of the pllot being struck by the outboard wing, but
that if bail-out 1s made from a cockpit located rearward of the wing
leading edge, safe escape should be effected. As discussed previously,

the experimental test results also indicated that bailling out of a2 cockplt

located forward of the wing leading edge was dengerous. The experimental
results indicated, however, that leaving the inboard side of a cockpit
located rearward of the wing leading edge would not lead to safe escape.
Thus, the computed results are not in complete agreement with the test
results. The use of the equations in meking the computations was based
on the assumption that the man accelerated vertically and horizontally
immedlately upon leaving the cockplt, although the test results indicate
thet such was not the case when the pllot model was released from the



12 _ NACA TN 2485

inboard side of the cockpit located rearward of the wing leeding edge.
Accordingly, corrections based on the test resulte have been applied in
computing the man's path after leaving the inboard side of the rearward
cockpit and the recomputed relative positions are also shown in filgures 8
and 9. For figure 8, in which V4 > Vi, the correction consisted of

asguming that during the first three-eighths of a turn of the airplane
followlng baill-out, the pllot moved downward to a point near the nose of
the alrplane’' and then begen to move upward and outward. For figure 9,
in which Vg < Vi, the correction consisted of assuming that the pllot
did not start to move outward from the alrplane until three-eighths of a
turn after ball-out. The recomputed results lndicate relative paths
similar to those obtained during the experimental test resultis.

These results show that when the steady-spin parameters of an alrplans
can be determined from model tests or estimated from design data, the rela-
tive paths of the spinning alrplane and of & man upon ebandonling the
alrplane can be estimated.

Effects of Centripetal Acceleration on Pilot of Spinning Alrplane

Based on the data obtained during the model spin tests, the centri-
fugal forces that would act on pilots due to centrlpetal scceleration
during flat and steep spins of the airplanes simulated in the tests have
been evaluated in order to determine whether the pllots could move suffi-
clently to bail out of the cockpitg. In calculating the centripetal
accelerationa the formula as = RQS was used and the accelerations are
listed in table IV. The radius of each spin was computed by the method .
of reference 1, In order to beil out of elther side of the cockpit, a
pilot must move his body in a direction at right angles to the force
resulting from the centripetal acceleration. Reference 6 indicates that
a man's ability to make such a movement is seriously restricted when the
magnitude of the accelsration reaches 2g or 3g and that in the neighbor-
hood of 4g it becomes impossihle to do more than move the arms and legs.

The values in table IV indicate that the force due to centripetal
acceleration which would act on pilots during flat, fully developed spins
of airplanes of the types for wnich pllot-release testis were made would
not prevent a pilot from bailing out of-the cockplt. The calculations also
indicate that for some steep spinning condltions, such as for a men in the
more rearward cockplt of the airplane simulated by model 10, the accelera-
tion might reach values of approximately 3g which would maske escape diffi-
cult but not impoesible. The test of model 10 may apperently be conszidered
an extreme case, however, because of its large radius of spin combined with
a relatively high rate of rotation about the spin axis. Ae a spin becomes
steeper, the radius of spln generally increases and the rate of rotation
sbout the spln axis decreases, these two factors compensating for one
another in determining the centripetal acceleration.
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Previous investigations of splins of large alrplanes of types for
which model pilot-release tests were not made indicated that accelera-
tions of 6g may be reached at the tail of the spinning airplane; these
accelerations would result in a force which would immobilize a man (see
reference 7).

CONCLUSIONS AND RECOMMENDATIONS

Based on an analysis of the results of pilot-release tests made
from 21 models of fighter, torpedo-bomber, scout-bomber, and trainer
airplanes spinning in the Langley 20-foot free-spinning tunnsl, the
following conclusions and recommendsations are made:

1, For airplanes in which the cockplt 1s rearward of the leading
edge of the wing at the fuselage jJjuncture, the procedure recommended
for bail-out is as follows: (1) ILeave from the outboard side of the
cockpit (left side in a spin to the pilot's right) and attempt to go
over the top of the outboard wing and off the trailing edge and
(2) leave in a crouched attitude in order to aild In clearing the wnder
surface of the outboard side of the horizomntal tall.,

2. For airplanes in which the cockpit 1s forward of the leading
edge of the wing at the fuselage juncture, bailing out from either side
of the cockpit ls dangerous. Indications are that the pllot would have
a better chance of escaping If he leaves from the outboard sids rather
than from the inboard side, particularly if he can Jump Iin a éirection
that Tould enable him to clear the outboard wing of the airplaae. Provi-
slon of an ejection~-seat or a capsule system which would throw the pilot
sefely away from the spinning alrplane may be advisable.

3« It was found that the path followed by a man after leaving a
spinning airplane can be calculated 1f the angle of atteck and the rates
of descent and rotation of the alrplane are known.

L. Tor the types of ailrplanes covered by this experimental investi-
gation, analysis indicates that the centrifugal force which would act on

a p;;ot during 2 spin would probably not prevent him from leaving the -
cockpit.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., November 28, 1947



NACA TN 2485

REFERENCES

1. Zimmerman, C. H.: Preliminary Teste in the N.A.C.A. Free-Spinning

Wind Tunnel. NACA Rep. 557, 1936.

2. Seidmen, Oscar, and Nelhouse, A. T.: Free-Spinning Wind-Tunnel Tests

of a Low-Wing Monoplane with Systematic Changes in Wings and Tails.
V. Effect of Airplene Relative Density. NACA Rep. 691, 1940.

3. Seidmen, Oscar, and Neithouse, A. I.: Free-Spinning Wind-Tunnel Tests

of a Low-Wing Monoplane with Systemstic Chenges in Wings and Talls.
IT. Mass Distributed along the Fuselage. NACA TN 630, 1937.

4. Seidman, Oscar, and Neihouse, A. I.: Free-Spinning Wind-Tunnel Tests

of a Low-Wing Monoplane with Systemstic Changes in Wings and Taills.
IITI.. Mass Distributed along the Wings. NACA TN 66L, 1938.

5. Wildhack, W. A.: Optimum Time of Delay for Parachute Opening.

Jour. Aero. Sci., vol. 9, no. 8, June 1942, pp. 293-301.

6. Code, Charles F., Wood, Earl H., and Lambert, Edward H.: The Limiting

Effect of Centripetal Acceleration on Man's Ability to Move.
Jour. Aero. Sci., vol., 14, no. 2, Feb. 1947, pp. 117-123.

7. Seidmen, Oscar: Spinning of Large Alrplanes. NACA RB I4I07, 19k4k.



NACA TN 2485 15

TABLE T.~ STEADY-SPIN PARAMETERS OBTAINED FOR THE MODELS
FOR WHICH PILOT-ESCAFE TESTS WERE MATE IN
THE LANGLEY 20-FOOT FREE-SPINNING TUNNEL

D!odol results have been converted to full-scale airplane valuou]

¥lat spins Stesp spins
(%0° to 629) {<k0°)
Model o Va a o Y, 2

(deg) (fps) (rpe) (deg) (fps) {rps)

1 kb 2ol 0.k2 (2) 853m (2)
2 46 216 1 27 300 0.56

3 13 2713 A6 (a) #>320 (a)

4 62 197 A9 (2) &5 347 (2)

5 60 216 M7 {2) 25326 (a)
6 ko 216 43 23 313 56

7 éo 189 43 (2) *> 306 (a)
8 50 211 A1 - --- ----

9 53 207 37 (2) ®> 340 (2)
10 .- —_ a—ee 19 211 A1
11 - =8 210 A2 26 350 38
12 51 233 .38 25 326 L0

13 k5 220 37 (2) *>310 (a)

14 5 201 .38 (2) 85300 (2)

15 60 223 .36 (a) 85306 (2)
16 43 260 A2 29 328 A9

by 58 197 3k —- --- /

50 202 o34 —--
18 51 216 .36 --- --- ----

19 6 2 36 () &320 (=)

20 57 198 -——- (c) 300 (c)

. . (spprox.)

21 4o o5k &0 — —— coum

a .
Because of high rate of verticel descent, pilot released before model reached
its final steep attitude (approx. ranges of o« from 15° to 30°). -—

b’l‘wo types of flet spins obtained for model. .E o

CParameters o and § not measured because of extreme oscillaticns of model.



TARLE II.- NASS CHARACTERTSTICS OF THE MOTELS TRESTED

(Mode: valuee have been comverted to full-acale values)

|

R = R " e
o ol e efe I R I
. {slug-rt2) (elug-£t2) (elug-£t£)
1 8,860 13.M 212 0.238 -0 o2 5,149 B,176 12,6k2
2 13,88 9.8 15.6 260 D0 16,2k1 22,639 3%,810
3 16,396 5.6 2h.o =300 070 15,335 18,011 33,519
L 18,150 1.7 18.6 270 O 16,652 23,525 k1,B1k
5 19,998 12.3 19.5 220 O7¢ 27,445 ee,sik 53,641
[ 20,8 11.0 17k 268 JAp2 23,822 1,619 9%, 321
7 ik,061 g3 ik.8 .3i2 O2E 15,50k 21,903 3%6,2k0
8 9,51k 11.3 18.0 268 00k 5,720 11,625 17,33
9 16,778 1.1 177 +250 020 11,54 33,539 k2,211
10 3,%8 5.1 6.8 250 N ) 1,09 2,72k k28
n 19,280 7.7 Tl 25 01k 20,645 19,2 58,957
12 26,693 8.2 1%.3 216 OB% 52,k72 51,969 10k,000
{approx.)
13 17,036 8h 13.3 27h 073 25,917 31,949 56,523
1 18,180 1.2 1746 219 409 17,3134 7,000 5k ,000
{approx.)
1s 12,963 17.9 20.h 270 =010 11,71% 1k 93k 23,73
16 1k, 340 19.2 0.6 275 125 33,368 13,839 43,085
17 7,873 8.8 16.6 20k -.010 k136 9,397 13,81
18 12,392 13.5 2.k -183 065 7,987 15,957 22,058
19 19,773 1.3 18.0 265 01k 19,630 3k, 08k 51,957
20 9,062 18.1 28.8 3% -.016 k133 12,266 15,255
m 16,567 13.6 4.5 196 - .00 12,211 k2,218 51,588
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TAELX IIT, RESULTS OF FILOT-RXLEASE TESTE MADE WITH MOTELS TW THE TANGLEY 20-FOOT FRFE-SPINNING TUMNEL
Epdnl- 1 to 13 bave codkpits loontsd rasrvard of wing leading edgo; modols 14 to 21 bave cockpits Jooated forwerd of wing laading .@_.]
Flat apina Steep spins
1lot relessed from nwbboard side Pilot reloassd from inboard wide sasad from board Pilot relsassd from inboard side
Jodel 3 of cooknit of gockpit Piict relesso? nnqhuo:t sde of cogkply
Yartioal Yartionl Yertioal Vertical
mot.ion Path after relsass motion Path after relense wotio Path after relaame motion Path after relskes
relative Telative o relative o - relative
to model to modal to model to model
1 Tp Went aver trailing edgs of Tp Pasaed through propaller a1k Up Went over treiling edge of Tp Went over fuselage, wnder
outhoard ving, wodsr rear outhoard ping, wder year outboard mide of horizomtal
funslages or barizontal tail, fusalags or horfrontal tail, tall, out of halioal
end out of helloal oylinderj apd out of helionl oylinder; oylindery clsared model by
. closxred model Ty adequats olearsd undel by adequate adesquate wATRIN
margin margin B

2 -da~ do ~do- do =do- do -da- ' Da.

3 -do~ do ~a0~ d ~do- dor ~do- Do.

L Dovm do Dovn =40 -do~- do ~do- Do.

] Tp d. Up 40 ] do- ~do- Went over fuselags, wes
struck by owtboard stde
of reer fusclags soction

6 ~do- & ~do= Passal closs to propellsr ~do~ do =do Went over fumalnge, woder

dink; then vant over fuse- cutboard 31de of hoxdzontal
lage and wpward and vaws tail, out of helloal

stuck by outboard side of oylinder; olearsd modal
horinootal tall

oy Bown 4 Down | Paseed through propellsr disk| PEme  |Pae—-- o bpcwn | PPmesed through or mear
propaller disk

a7 ~io~ | Went over trailing edgs of -do- -t LU 25 YRons | Pwent over fusslags, vas

outboard w'ng, mader rear almopt struck hy
fumelage or horizootal tadl, outhoapd wing tip; then
ool out of helicel cylinder; wanrt out of helical
clearsd Borizontal tall by oylinder
el lor margin than vhen
rolenssd from fromt cockpit
B Up Vent over trailing adge of Tp d m——— ==
outbosrd wing, wmder rear
fuaslags or horizcotal tall,
and cut of helical cylinder)
¢laarsd model by adaguats
margin
9 Faos = -readge e = Ixun 4 o ¥eat over trailing edge of Tp Vant aver fuselage, wna
outboard wing, mnder reer struck by owtboard ald
fusslagn or harirontal €ail of horizmtal tail
mmd out of helical oylinder)
clsared modal by adaquate
% | %pom 4 &as [ 2o -do- ; do- Dows | Paswed throngh propsller dlsk
<10 dgo- (B o dap- [ &o o= do- ~do- Do,

1 ¥oas 40 =&~ di Ao L Uy Went crer fuselage,' wan
struck by outhoard side
of harizontal tell

12 o . 30 T =da . -=do- -do- Do,

13 | —to- q ~do~ do -do- do- -ag- Do.

Apilot released from front cockplt; see figure 1, :
Pilot relessed wvhile modsl wes naopening, bt was still in fairly riat attiluds with low rate of dascent.
Sp1lot yelsassd from rear cockplt; see figure 1. @

Apilot

releassd immsdistely efter lacnching while model whs in flat attitude; had not ntespenad to apin indicated in table I.

Gghe NI YOvM
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TAIGE ITI~ RESULTS OF PILOT-RELEASE TBSTS MALK WITH MOIELS I THE L' SGLEY 20-FOOT FAKE-SPIANING TURNEL, — Conaluded

Flat =pins Steep spins
outboard side Fllot released from inboard sids Pllot relesssd fram outboerd wide Pilot relsasod frem inkoerd nids
Pilot !'Blous:\;. :ocmtpit o otexplt coc¥nit of ocookplt
Yodel [ Vartiosl | Yartical Vertioal Yertioel
. motlon . motfon mwotim
:?:::" Path after releass Telatite Path after reloass relative Path after rolense Telative Path after releass
10 modsl to model 1o modsl to wodal,
1h Do Vet mder leading edga of Dowm Went over nose and forward Up Vant over or upder leading Up Want over fusslegs, vas
outboard wing, under rear near propailer diek; then adgn of outboerd wing smd - wtruck by outboard aids
fusslage or harizamtal tall, went misr lasding sdge of uwnder rear fuselegs or of horlxontal tail
. ad out of Melical ocylinder outboard wing in same bBorirontal tai]l snd omb of
. in ooe-bhalf turn of the mesmer s when relsased helical cylinder
ol folloving reloame; Trom the outhosmed slde
clpared molel Yy sdequate
wargin
15 op Went over outboard wder| Tp Went over fusslage and wvas ~do- Vent over outboard wing, -do- Do.
rear fusslage or horizootal strick by outbosrd adde of under rear fusalage snd oot
tail, and out of helical herizontal tafl of halical cylinder; clearsd
aylinder; clearad model by natsl bty adequate wargin
adequste msrgio
16 -d0- A ~do- Want over nooe, undar or over -d0- da ~d0- Vent over fusalage,
lsading odge of outboard neayr outhoard lid.. n'.r
and tnder horizontal boxizontal tall; cleared
ta1ly clesred model Yy model by amall margin
. amall margin
ey Opens  |® do= *5omn | “Wemt over nose, ———— - nn
lesding odge of outboard
ving, i balow modsl;
remained in helicml
oylinder longer tiwmn whem
. Teleassd from the outbosmrd
eol 2 e . . |re —
LT, “Op £ =do op Wexi over iusAlage and Wil ——— 1 i |
! ’ stimck by cutbosrd side
i of horizontsl teil
18 s Want umler outbomrd wing, Down, ¥Went over noss, mder lealing ——— -
misr resr foselags or sige of outbonrd wing, end
koriromtal tajl, and out of balov modal) olesrad model '
kslisal oylinder; clesred by sdequats wargin
model by sdequate wmergin
19 op Venit over outboard wing, Up Went over fusslage snl was o Hit leading sdge of outboard Tp Went over Twselngn and closs
‘troshed egninet top surface, struck by outboard slde of wing, ar want over wing end over or moder horixootel
and went wndsr rear fuselags harisontal tail oder rear fuselage and ont tall; indioaged possibility
or outboerd sids of hari- of helical oylinder of being struck by hori-
zomtal tall zantal tadl
20 Dotm Wort: tmdar leading edge of Down West pver noss end mnder -do- Hit leading sdign of owthoard —lo- Went ovor fuselege, was
outboard ving, toder year lending edse of swtbosrd wing br want unler ving and struck by outboard eide of
or horizontal tall, wing; 414 not Leave helical vodar rear fuselage end out borizomtal tadl
and. out of belical cylindsr oylinder mtll one snd cne- of haliosl oylinder
within coo-balf turn of fhe half tons of model ;
modal Tolloving release; folloving releese . X
cleared mcdel by adequate
wargin
21 Up ~dor Tp o~ — -

?BOﬂnmnin table X.
50° flet spin in table I.
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TABLE IV.- FULL-SCATE VALIES OF CENTRTPRTAL ACCELEHATICRS ACTING ON PILOT
DURING DTEADY SPINS OF ATRFLANES SIMULATED BY FAKF-SPINNING MODELS
Model Flat epina 8Steep spins
B e 2 fo fo 3 a Py [ [
(re) " (rpe) (radimn/msc) {£t/3002) (a) (1t) {rpe) (radiems/sea) (1t/anc?) ()

L] ks 0.2 2.6% 1341 103 | ----- - T —

2 h 55 41 2.57 3.8 96 500 0.56 3.52 62.2 1.93

3 kT3 e L] 2.8 397 183 | -eee- —— — —— ————
N 1.53 Mo 3.08 1Tk I —— ——— ———- ———-
5 2.7 &7 2.9 18.9 59 | - - --=- -=-=
6 L, -3 2.7 29.2 91 6.10 56 3.0 56 2.3
il 1.50 43 2.0 10.9 B B ———— ——- — ———-
by 8.83 43 2.70 6h b 800 | iemem- — —— —— ——
8 3.28 ] 257 #f3 - 2 T— . ———- — —

9 LR 3T 2.32 oy JT | e ——— ——— ——- ——-
0 w— === ——— - ———- 1118 1 2.57 B7.1 R.TL
10 o= - — - rene 18,37 a1 257 o0 0.
1n 2.88 A2 .64 20.1 b2 11.50 .38 2.3 65.7 2.0k
12 by «38 2.39 26.0 A 10.9% A0 am 69.0 2.1k
13 k.16 37 2.32 22,4 o - ——— - — S
1k .58 38 2.39 3.3 .10 ——— — ——- —--- J—
5 33 .36 2.96 L I, N R— ——— J— ——— ——
b3 o So 2.5% o ] 58 A9 3.08 5.6 1T
T 0 o3k 2.1k ] 0 ———— — ———- — ———
1B 1.6g 3% 2.6 B.3 26 | emem- ———— - - —
19 2.25 32 2,01 9.1 28 ——— ———— ——— ———— ——
20 m— -—— —— P ——me | mee=- —— ———— ——— ———
2 k.3 ho 251 71 K. ——— I - P ——

Srramt oookpit,
bresr coakpit.
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APOSITION OF PILOT IN COCKPIT

FIGURE 1,- THREE-VIEW SKETCHES CF THE MOCELS FOR WHICH PILOT-RELEASE TESTS

WERE. MADE, DIMENSIONS ARE FULI=SCALE.
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== MODEL |2

MODEL 1L, posiTioN OF PILOT IN COCKRIT = N

FiGURE 1.-CONTINUED.
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TAY -
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MoDEL {3

180.0"—

aPO3ITION OF PILOT IN COCKPIT

FIGURE 1. -CONTINUED.
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MODEL 17

I——aaaz” —-l

139,0"

1
130, .[

/
10,37

"~ AFOSITION OF PILOT IN COCKPIT, MODEL 20

FIGURE {,-CONTINUED.
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MoDEL 21
APOSITION OF PILOT IN COCKPIT

FIGURE {,-CONCLUDED.
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Figure 2.~ Photograph of a model spinning in the Langley 20-foot
free-spinning tunnel,



Figure 3.~

Frame

10
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N\

13

'—l
1N

15

16

Moving-picture strips of pilot release from outboard side.

(Arrows indicate pilot.)

Model 5; right spin.
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Figure b.- Moving-picture strips of pilot release from inboard side. Model 8; left spin.
(Arrows Indicate pilot.)
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Figure 6.~ Moving-picture sirips of pilot release from outboard side.
(Arrows indicate pilot.)

Model 20; right spin.
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Concluded.

Figure 7.-~



NACA TN 2485

Side yiews oD views

AT O second

33

Spin axis

5 AT 06235 second airplane
L hos descended /44 reer

oo

Al (25 seconds a/‘f,o/mé
has atscended 288 reet

X Poinrs of pilot exit ‘
O From Inboard Side of rearwaord cockpir
O From outboard Side of rearward cockpir
a From inboard Side of rfor ward cocApi’
O From outbogrd sice of forward cockoif
NFrom jnboard Side of rearward cochpl, “Correcred

Frgure 8.- Relative posirians, af infervals 1ollowing baitout. of o
1al/ling man and or an airplane spinhing with a rare of descent
grearer 7han 7hqr of rhe man. Right 3oin; cc =45°:1,-230 feet
per second. 2 =040 revolutions per second.
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SIqe Views T0p views

oo

At 1875 seconds alrplme

has descended 432 feer 6o
oo B
At 2.5 seconds airplane
has descenaded SThreet : g6
AQO
0o
AD
B h @©o

AS

Ar.3/25 seconds m?o/mc’
has qescendes 720 Féer

x Fo/nTs of pilof exi | | )
0 Aem inbogrd Siae of. rearward Cochpirt

© From outboard size of rearward CocApit

a from inbagrd side of rorward cockpil

& From outboans Side of Tor ward cockpit

NFrom  1nboard Side of reuward cockpllt Correcred

Figure 8.- Concluded.
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Side views Top views

At 0 second

I———4o’——l

35

Spin axis

Al 0.5 second  aitplane
hqs descended 935 reer

AT 1.0 second aimlzne bt
Has descendey ! g&fc’ef “’
1

X /,go/n'fo_‘ %f,o“/?f fgl//“ . 7 cockoit
O /7om Inboard s/ae of réarward Cochpr S NAGA
O From outboard side of reaward coc/(,'g/'f

A f7om inboard size or rorward  cockprt

O From oufboarg side of rorward cockpit-
NFrom inboard Side of rearward cockpls: colrected

Figure S.- Relafive positiens, al intervals 1ollowing bai/-our, orf a
Talling man andg of an arrplene Spimning With a rare or
descént /ess rthan rhat of 1he man. Right spin; oc=60°%

0190 feet per second: L1050 revolutions per Se€tond.
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Side views 270D VIEWS

\ N zoe
AO
At 1.5 seconds airplane
has descended 285 reet
$ =e
A AD
© A

1 2.0 seconds art, h/)e
has descended 380re

» B afo) 20 E%%
v

noe

Al 28seconds alrplane
has descended 475 Feet

x PoinTs of pilot exit

a From inboard side of rearward cochpit

© From outboard side of rearward COC/f,D/f'

a From inboard side of forward cockpit

& From outhoard Side of forward cockhpit

N From inbogrd siae of rearward cockpll, correcieq

Figure 9.- Conciuded.
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